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Numerous workers have reported that estro-
gens in one form or another, either painted on,
given by injection, or taken orally can stimulate
melanogenesis in the skin of a wide variety of
species. Many of these observations have been
macroscopic only and the microscopic studies
have been confined to vertical skin sections.
Bischitz and Sncll (1) using carefully controlled
histochcmical experiments and studying both
skin sheets and vertical skin sections showed
that in the ovariectomized guinea-pig which had
received small doses of estrogen by intramus-
cular injection that the amount of melanin was
increased both inside and outside the melano-
cytes. The greatest increase occurred in the
areola where a very large increase in free melanin
occurred. In the non-sexual skin areas there was
a small increase of free melanin, but a greater
increase in melanin within the melanocytes. No
statistically significant changes in the melano-
cyte counts were produced in any of the skin
regions. Progesterone given under similar con-
ditions caused an increased production of mel-
anin, but the effect produced was less than that
found after the estrogen therapy. Neither of the
hormones was capable of restoring the irregu-
larity of cell outline which was found to occur in
many of the melanocytes following the pre-
ceding ovariectomy. The present research is a
continuation of this investigation on the in-
fluence of the female sex hormones on melano-
genesis. It was hoped that the results would
indicate whether large doses of estrogen exerted
a greater, a lesser or a different effect on melano-
genesis than the smaller doses used previously.
By giving both estrogen and progesterone at the
same time it was hoped to ascertain whether the
effects of these hormones were summated or
whether their presence together exerted a com-
pletely new influence on the activity of the
melanocytes.
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MATERIAL AND METHODS
Twelve mature virgin guinea-pigs weighing
about 500 gms. and known to have a regular
estrous cycle as verified by the vaginal smear
technic (Stockard and Papanieolanu (2), Selle (3)
were used. They were divided into two groups each
consisting of three pure black and three pure red
animals. The animals were ovariectomized in order
to remove any side effects which might have been
produced by the cyclical activity of the ovaries.
The operation was performed when the animals
were in estrus and they were left for one month
to allow the ovarian hormones to disappear from
the blood stream. Control skin biopsy specimens
were then taken from the ear and the anterior
abdominal wall and the right arenla was excised.
The animals of the first group were given 2 mgms.
of estradiol mnnobenzoate (Organon) intra-
muscularly once daily for five days a week for a
period of four weeks; those of the second group
were given 0.1 mgms. of estradiol monobenzoate
and 0.4 mgms. of progesterone (Organon) in-
tramuscularly once daily for five days a week for
a similar period of four weeks. Following the
hormone treatment the animals were killed and a
further series of skin specimens were removed
from areas adjacent to those taken previously and
the left areola was excised.
In the above experiments the skin specimens
removed measured about 0.5 sq. cm. Most of the
specimens were left intact after excess sub-
cutaneous fat and the deeper part of the dermis
had been excised under a dissecting microscope.
A few of the specimens were treated with trypsin
to disengage the epidermis using the "skin
splitting" technic of Medawar (4) as modified by
SzabO (5). All the specimens were then processed
under identical conditions. The skin was fixed
in 5% formol saline for 16 hours and after washing
it in normal saline for hour it was incubated
at 37°C in 1: 1,000 solution of L-dihydroxyphenyla-
lanine at a pH of 7.4. After two hours the sub-
strate was renewed and incubation continued for
a further 14 hours. Fixation for a further period
of 16 hours in 10% formol saline was then carried
out, followed by dehydration and clearing. Each
skin sheet was then mounted in Canada Balsam.
All the skin sheets were examined with the
dermal surface uppermost except those of the
anterior abdominal wall, where owing to the large
number of hair roots present in the dermis it was
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found more satisfactory to examine the sheets with
the epidermis uppermost. The hormonal influence
on the melanocytes was studied by compariog the
skin specimens removed before and after the ex-
perimental procedure in each group of animals.
The appearances of the melanocytes was studied
by assessing the number and size of the melano-
cytes and the amount, color and position of the
melanin within the cells. The length, width aod
complexity of the dendritic processes were also
noted and an attempt was made to assess the
amount and color of the free melanin present, i.e.,
that melanin which is situated outside the melano-
cytes.
The melanocytes were counted in ten areas
chosen at random each measuring0.04 sq. mm. The
counts were carried out using a graticule fitted in
the eyepiece of a microscope and a magnification
of X 360 was used. This method was considered
to be more accurate than the one use previously
where the melanocytes were counted by projecting
the image of a skin area on to a ground glass screen
marked out in the form of a grid.
RESULTS
The melanocytcs of guinea-pig skin arc found
in two sites, the hair follicles and the basal layer
of the surface epidermis. In the present work our
study has been confined to the melanocytes and
melanin of the surface epidermis. The appear-
ances of the melanocytes and melanin in the skin
of the normal guinea-pig at different ages in the
two sexes have been fully reported previously
(Billingham and Medawar (6), Bisehitz and
Snell (7), Snell and Bischitz (8)).
Appearances of the Melanocytes and Melanin
in the Control Skin Specimens Removed One
Month After Ovariectomy
In all the skin regions, many of the melano-
cytes were reduced in size and had shorter
dendritic processes as compared with those
found in the intact animal. Many of the melano-
cytes had a deformed appearance which varied
from a slight shrinkage of the cell body to an
advanced degree of cell collapse with fragmented
dendritic processes (Fig. la). A moderate amount
of melanin was found in the melanoeytes and
this tended to be concentrated at the periphery
of the cell bodies. The melanin present within
and outside the melanocytes however, was smaller
in amount than that found in the intnet animal.
FIG. 1. High power photomicrograph of skin sheets of anterior abdominal wall of red mature female
guinea-pig. (a) One month after ovariectomy. Shows two deformed melanocytes with shrunken cell
bodies and fragmented dendritic processes. (b) One month after estrogen therapy. Shows an increase
in the number of melanocytes and in the amount of malanin present both withio and outside the melano-
cytes. Note that the size of the cell bodies and the width and complexity of the dendritic processes has
also increased and the cells now have a normal appearance. No eounterstain. X 1414.
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TABLE 1
Showing the effect of lncge doses of estrogen on the melnnocyte counts in the different shin
regions of the ovnciectooaized guinea-pig
Thn general appearances closely resembled those
reported previously (Bischitz & Such (1)). The
melanoeyte counts in thn control skin specimens
are recorded in Tables I and IV.
Appearances of the Melanocytes aod Meinnin in
the Experimentnl Skin Specimens Following the
Administrntion of Lnrge Doses of Estrogen
The detailed results are recorded in Table II.
The most marked effect produced in all the
regions was the great increase in the amount and
depth of color of the melanin both inside and
outside the mclanocytcs (Figs. 1 and 2). In the
majority of the animals this was accompanied
by an increase in the size of the cell bodies and
an increase in width of the dendritic processes
(Fig. ib). In some of the animals the length and
complexity of the dendritic processes was also
increased. In the skin of the areola the increase
in the amount of free melanin was much greater
than that found elsewhere and this made exami-
nation of the individual melanocytes impossible
in many of the specimens. The deformed ap-
pearance of some of the melanocytes noted in
the control specimens had largely disappeared
after the estrogen therapy. The melanocyte
counts for each skin region are given in Table I.
It is seen that there is no significant difference
between the cell counts of the specimens removed
before and after estrogen treatment in the car,
but in the anterior abdominal wall there is a
significant increase.
Appearnnces of the Melanocytes nnd Melanin in
the Experimental Skin Specimens Following the
Administration of Estrogen and Progesterone
The detailed results arc recorded in Table III.
The amount and depth of color of the melanin
both inside and outside the melanocytes was
increased but not to the same extent as that
found after the administration of large doses of
estrogen (Figs. 3 and 4). The size of the melano-
cytes showed a tendency to increase and the
dendrites appeared to be wider. In the anterior
abdominal wall the length and complexity of the
dendrites was increased in the majority of the
animals. The deformed appearance seen in some
of the mclanocytes after ovariectomy was much
less and most of the melanocytes now looked
normal.
The melanocyte counts for each skin region
are shown in Table IV. It is seen that there is no
significant difference between the cell counts of
the specimens removed before and after the
hormone treatment in any of the regions. How-
ever, in the areola of three of the animals in which
counting was possible the melanocytes were
greatly increased in number.
DISCUSSION
The appearances of the melanocytes and
melanin in the control specimens following
ovariectomy arc in agreement with the findings
of our previous work, Bischitz and Snell (1). The
alteration in the cell contour coupled with the
Number of Color of
Animal Animal
Ear
220
221
222
212
213
214
Anterior Abdominal IVall
Black
Black
Black
Red
Red
Red
Control ExperimentalControl
1375
1075
1525
1450
1025
2200
Mean 1441
184 s.c.
mean.
Areola
cnntrn1ExperimeatalExperimental
1300
1375
1275
1875
1150
2050
Mean 1504
136 s.c. of
mean.
575
425
475
300
300
350
Mean 404
40 s.c.
mean.
of
Cells not
countable in-
experimental
skin speci-
mens.
675
525
450
350
350
475
Mean 470
45 s.c. of
mean.
of
t 10 d.f. = 0.58 p = >0.5 t 10 d.f. = 3.1 p = <0.02
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FIG. 2. Photomicrograph of skin sheets of ear of black mature female guinea-pig. (a) One month
after ovariectomy. Shows melanocytes and melanin to be confined to the epidermal ridges; the dermal
papillac appear as white bands due to the absence of melanocytes and melanin in these areas. (b) One
month after estrogen therapy. Shows a great increase in the amount of malanin present both within and
outside the melanocytes. No counterstaia. X 467.
Fin. 3. Photomicrograph of skin sheets of anterior abdominal wall of red mature female guinea-pig.(a) One month after overiectomy. Shows a number of melanocytes containing a moderate amount of
melanin. Only a small amount of free melanin is present. (b) One month after estrogen and progesterone
therapy. Shows an increase in the amount of melanin both inside and outside the melanocytes; the
bodies of many of the melanocytes are larger. No counterstain. X 373.
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FIG. 4. Photomicrograph of skin sheets of areolae of red mature female guinea-pig. (a) One month
after ovariectomy. Shows a number of melanocytes many of which have a deformed appearance and
contain only a small amount of malanin. (b) One month after estrogen and progesterone therapy. Shows
a great increase in the amount of melanin present. No counterstain. X 456.
TABLE 4
reduction in the amount of melanin both inside
and outside the melanocytes as compared with
the normal intact animal would indicate that
ovariectomy inhibits the melanogenie activity
of these cells and the effect produced is most
obvious in the skin of the areola.
The influence of estrogen on skin pigmentation
has already been widely studied in both animals
and man and a number of different methods have
been used for these investigations, Bloch and
Sehrafl (9), Davis, Boynton, Ferguson and
Rothrnan (10), Wheeler, Cawley and Curtis (11)
have worked on the effect of estrogen on pig-
mentation in the guinea-pig and Hamilton (12)
Showing the effect of estrogen and progesterone on the melanocyte counts in the different skin
regions of the ovariectomized guinea-pig
Ear Anterior Abdominal Wall Areola
Number of
Animal
202
203
204
51
53
95
Experimental
Color of
Animal
Black
Black
Black
Red
Red
Red
Control ExperimentalControl
1625
1725
1300
1600
1375
1300
Mean 1487
69 s.c. of
mean
Control Experimental
1725
1875
1350
1550
1925
1225
Mean 1608
106 se. of
mean
550
700
475
325
325
350
Mean 454
56 se. of
mean
Cells not countable
in experimental
skin specimens.
1425 1900
1075 1350
750 1875
525
725
500
400
550
375
Mean 512
57 s.c. of
mean
t 10 d.f. = O.42p = >0.7 t 10 d.f. = 1.66 p = >0.1
- 1 . .4t..
:
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and Davis et al. (10) on pigmentation in women.
The results from all these investigations indicate
that estrogen whether applied locally or syste-
mically is capable of increasing skin pigmen-
tation. Many of these workers, however, have
relied solely on macroscopic observations of skin
color and it is not clear whether the changes in
pigmentation reported by them are due to an
alteration in the melanin content of the skin or
due to alteration of the other factors responsible
for skin color.
Bischitz and Snell (1) studied in detail the
influence of small doses of estrogen (0.1 mgms
oestradiol monobenzoate) administered by intra-
muscular injection on the numbers and mor-
phology of the melanocytes and the amount of
free melanin in the skin of the ovariectomized
guinea-pig. They found the amount of melanin
both inside and outside the melanoeytes was
increased in all the regions and the greatest
increase occurred in the skin of the areola where
it was mainly due to a large increase of free
melanin. In the non-sexual skin areas there was
a smaller increase of free melanin but a greater
increase in melanin within the melanoeytes. No
statistically significant changes in the melano-
eyte counts was produced in any of the regions.
In the areolae of two of the six animals in which
counting was possible, the melanoeytes were
greatly increased in number. It was also par-
ticularly noted that the gross deformity which
occurred in some of the melanocytes as a result
of ovariectomy was unaffected by the estrogen
therapy despite the increased amount of intra-
cellular melanin. In the present experiment, where
the dose of estrogen was twenty times greater
than that used previously, the results produced
were similar but greater in degree. The stimu-
lating effect of estrogen on melanogenesis was
again seen to be greatest in the skin of the areola
where the large increase in the amount of free
melanin prevented detailed examination of the
melanoeytes in some of the specimens. The
predilection of the stimulating effect of estrogen
for the melanocytes in the sexual areas of skin
was also noted by Guldberg (13) who found that
with "follikulin" in castrated male guinea-pigs
the increased pigmentation occurred first in the
primary and secondary sexual areas and it was
only when larger doses of the hormone were used
that increased pigmentation occurred in other
skin areas. The deformed appearance noted in
some of the melnnoeytes in the control skin
specimens after ovarieetomy was largely absent
following the estrogen therapy. It would appear
that this alteration in cell contour accompanied
by fragmentation of the dendritic processes which
occurs following ovarieetomy, is due to a lowering
of the concentration of melanin within the cell
bodies of the melanoeytes and their processes
and in this experiment the defect has been over-
come by the great increase in the amount of
intracellular melanin produced in response to
estrogen. It was interesting to note that the
melanoeyte counts for the anterior abdominal
wall skin were significantly increased following
the administration of estrogen. The very great
increase in the amount of free melanin in the
areoln skin made cell counting in this region
impossible.
The effect of estrogen and progesterone to-
gether on melanin pigmentation of the skin in
ovarieetomized guinea-pigs has not as far as we
know been studied. The doses of these hormones
given were judged to be approximately within
physiological limits and were based on experi-
ments carried out by Snell and Nieol (14) on the
experimental production of lipoid in the genital
tract of the guinea-pig. The results show that
these hormones together greatly increase the
amount of melanin present both within and
outside the melanocytes. The degree of stimu-
lation of melanogenesis wns higher than that
produced by either hormone when given alone
in the same doses, as shown in the experiment
reported previously (Bischitz and Snell (1)),
but was less than that produced by the very large
doses of estrogen. Here again the increased
amount of melanin present within the melano-
eytes appeared to correct the irregularity of
contour found in some of the melanocytes fol-
lowing ovariectomy. It was interesting to find
that the two hormones produced their greatest
effect on the melanocytes in the skin of the
areola and in those specimens where counting
was possible the number of melanoeytes was seen
to be greatly increased. In the previous experi-
ment (Bischitz and Snell (1)) where the same
dose of progesterone was used alone in ovari-
ectomized guinea-pigs it was found that the
hormone had its greatest effect on the melano-
eytes of the ear. Snell and Bisehitz (8) found that
pregnancy increased the amount of melanin
both within and outside the melanocytes in all
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the skin regions examined and this was most
marked in the areola. However this obvious
increase in the amount of melanin was not
associated with an increase in cell body size nor
an increase in the length and complexity of the
dendritic processes of the melanocytes. In fact
in the anterior abdominal wall there was a
tendency for the cell bodies to become smaller
and possess shorter and less complex dendritic
processes. Pregnancy also had the effect of
increasing significantly the numbers of melano-
cytcs present in all the regions.
The results of this work therefore show that
estrogen is a great stimulant to melanogenesis.
In small doses, and when given alone, it in-
creases the output of melanin by the melano-
cytes and it exerts its greatest influence on sexual
skin, namely that of the arcola. When the dose
of estrogen is raised this effect is greatly in-
creased and is accompanied by a significant rise
in the melanocyte count in the skin of the anterior
abdominal wall. It has also been shown that the
effect of small doses of estrogen can be augmented
by giving progesterone at the same time. The
effects produced by estrogen and progesterone
in these experiments appear to be of a different
nature from those which occur in pregnancy.
sUMMARy
I. The effect of large doses of estrogen given
alone, and of small doses of estrogen and pro-
gesterone given together, on the melanocytes
and melanin in the skin of the ear, anterior
abdominal wall and areola have been studied in
pure black and pure red ovariectomized guinea-
pigs using carefully controlled histochemical
experiments. The mclanocytcs were identified
by using the dopa reaction. The results were
assessed by comparing the mclanocytcs and
melanin in closely adjacent skin areas removed
before and after hormone treatment from each
region in the same animal. In the case of the
areola the right one was compared with the left.
The melanocytes and melanin present in the
hair follicles have not been examined in this
investigation.
2. Large doses of estrogen produced in all the
regions a great increase in the amount of melanin
both inside and outside the melanocytes and the
effect was seen to be greatest in the skin of the
areola. In the majority of animals this was
accompanied by an increase in the size of cell
bodies and an increase in width of the dendritic
processes. A statistically significant increase in
the melanccyte counts occurred in the anterior
abdominal wall skin.
3. Small doses of estrogen and progesterone
produced a similar but smaller increase in me-
lanogenic activity. No statistically significant
changes in the melanocytc counts were produced
in any of the skin regions.
4. Large doses of estrogen given alone, or small
doses of estrogen and progesterone given to-
gether, corrected the deformed and shrunken
appearance which is seen in some of the melano-
cytes after ovaricctomy. This was believed to be
brought about by the large increase in the
amount of melanin within the melanocytes which
occurs following hormone therapy.
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